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Overview

• Consideration of relationships between key processes and their 
spatial scales in coastal waters
– Classical studies of spatial scaling in coastal biological properties 

• Issues of ecological level (organization, trophic structure, landscape, canopy 
level, etc.) versus ecological field (biomass, population number density)

• Scaling relationships of physical and biological processes

– Approaches for considering optimal resolution in spatial observations
• Spatial autocorrelation (Mackas, Moline)
• Fractal analysis (Lovejoy)
• PCA (Bissett et al.) 

• Case studies 
– Mississippi River Plume 
– Gulf of Mexico HABs
– CDOM and DOC Coastal Gradients in East Coast Estuary

• Conclusions and recommendations



Classical studies of spatial scales

• Classical work examining spatial structure in 
biological distributions, especially phytoplankton, 
reported strong coherence between physical and 
biological phenomena 
– Denman
– Dickey
– Steele 
– Powell and Steele

• However, a decoupling can occur between 
turbulence and biological fields attributable to 
ecological processes



From Ecological Time-Series, Powell and Steele, 1995



Correlation Length Scales 
for Different Biological 
Properties

Results from Mackas et al. (1984) 
based on Optical Plankton Counter 
and fluorescence surveys.

Phytoplankton biomass scales on the 
order of 4-7 km, however, sampling 
resolution was only ~1km!





Spatial Resolution: Tampa Bay viewed by 
SeaWiFS and MODIS

SeaWiFS, 10/31/2000

17:57 GMT, 1-km

MODIS, 11/1/2000

16:30 GMT, 250-m

Chuanmin Hu, USF
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Horizontal length scales from 
Autonomous Underwater 
Vehicle Observations

Results from Moline et al. (2005).

Data were fit to a Generalized Additive 
Model and smoothed using a loess 
smoothing function.

Sensors included CTD, optical 
backscatter (OBS), chlorophyll 
fluorescence (FL) , and 
bioluminescence (BL).



Horizontal length scales from 
Autonomous Underwater 
Vehicle Observations

Moline et al. (2005).

Lengths scales based on variogram
analyses ranged from the 50-300 m.



Fractal Analysis

• Fractal analyses of chlorophyll fluorescence 
reveal break in scaling at ~100 m 
(characteristic planktoscale) (Lovejoy et al., 
2001)

• Variability at all scales (Lovejoy et al., 2000)

• Remote sensing algorithms are strongly 
scale/resolution dependent



Bissett et al.:  Approach

• Hyperspectral dataset
– PHILLS 2 during the 2001 HyCODE LEO-15

– Spectral data at 9 m resolution

– Length scales determined by PCA analysis of spectral 
properties and comparative analysis of relationships of 
covariance to random noise levels



Bissett et al.. Oceanography, 2004



Bissett et al., Oceanography, 2004



Bissett et al., Oceanography, 2004



Bissett et al.: Conclusions

• Ground Sample Distance of 50-200 m 
between 1-10 km of shore

• Smaller scales may be needed within 1 km

• Offshore there is a difference in optimal GSD 
depending on whether multispectral or 
hyperspectral dataset is used
– Multispectral suggests 1 km may be adequate

– Hyperspectral suggests higher resolution may be 
necessary (features not apparent in multispectral)



Underway Hyperspectral
Radiometry Observations 
in the Gulf of Mexico

Transect from near the mouth of the 
Mississippi River out to shelf water  
during October 2005

Lohrenz et al., 2009, IEEE Proceedings



Remote Sensing 
Reflectance at 550 nm 
Along Transect

Course sampling resolution , but 
significant variability is evident at sub-
kilometer scales. 



Plume-shelf transition in reflectance 
signatures



Normalization to 555 nm reveals 
distinct water mass types



Karenia brevis concentrations (cells per 
during October 2001 off Tampa Bay 
tracked using Lagrangian drifter

MODIS Aqua true color image 
from 24 October 2001. 



K. brevis cell counts versus distance

Concentrations along drift track 
during October 2001 show sub-

kilometer scale variability



Spatial Variability in CDOM and DOC
at the Kirkpatrick Marsh 
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Contact: Maria Tzortziou, 
maria.a.tzortziou@nasa.gov



Conclusions

• Different analyses point towards optimal 
horizontal sampling scales of 50 – 300 m in 
coastal waters

• Variability occurs at all scales

• Scale dependence of algorithms requires 
consideration with the advent of improved 
resolution sensors


